' POLLEN MORPHOLOGY AS A TAXONOMIC TOOL 

IN LINUMi 


K. S. Xavier AND C. Marvin Rogers 

Among modern palynologists, Wodehoiise (1935) and 
Erdtman (1952) most successfully show the use of pollen 
characters in taxonomy. The latter brings the knowledge of 


phology 


moi 


He classifies and de¬ 


scribes the pollen of about 36 species, representing 14 genera 
of the familj% including, howevei’, only five species of Lmuniy 
all of which are of the Old World. 

Small (1907) has provided the most thorough taxonomic 
treatment of the genus in North America, recognizing 60-70 
species (Limwi and Cathartolinuni), but the relationships of 
these to one another and to species in other parts of the 
world have never been too clearly known. It was hoped that 
knowledge of the comparative morphology of the pollen 
might provide additional information and, for that reason, 
preliminary studies were undertaken, of which the present 
paper gives some results. Since these are sufficiently en- 
coui'aging, a more extensive suiwey of the genus is now 
under way. 

Fourteen species and six varieties of Liniun were ex¬ 
amined, principally eastern North American taxa, but 
including certain selected western Noidh American and cul¬ 
tivated species. 

Some of the pollen grains were collected fi’om living 
plants, but most have come fi'om herbarium specimens, 
since such grains are not only intact and perfectly usable, 
but scarcely differ from those taken from living plants of 
the same species. 

The pollen was prepared according to Brandt’s method as 
described in Wodehouse (1935) exce])t that, in order to view 
the surface sculi)turing better, most of it was left unstained. 
The grains were removed from the anthei*, placed on a slide. 
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cleai'ed in 95alcoiiol and embedded in pure ji'Iycerin jelly. 
At ordinary temperatinx\s, these slides are peimianent. The 
shape as well as tlie external features of the pollen may be 
easily observed wlien the g'l’ains ai‘e floated in 95^r alcohol 
in a deej) well slide. 

Two si^’nificant facts became (piickly apparent. One, the 
]K)llen J^’rains within most sj)ecies show comi)aratively little 
valuation, even when the i)lants have come fi’om widely sej)- 
arated localities. Two, theiv is a rathei’ remai'kabh' amount 
of diversity amono- the different species. 

Because of theii' variation and tlie cleaiaiess witii which 
they can be seen, the pollen chai’acters found to be most 
helpful in diffei’entiatinj^' sp(‘cies ai‘e the size and shape of 
the ji’rain, number, size and shape of the ji’erm j)oi’es or fur¬ 
rows, the thickness of the exine and tin* natiiia' of its sculp¬ 
turing’. Diameter of the grain varies from 8)8.5-112 /(. Shape' 
ranges fi’om ti’iangulai’ to subsphei’ical. Triangulai’ gi'ains 
have thi’ee mei’idionallv exte'iided germ luri'ows which ma\ 
l)e acute oi- blunt at the ends and vary in width and length 
in different si)ecies. Sphei’ical gi’ains have* about 20 moi’e 
oi" less circular poi’es while intei’mi'diate types liave the sur¬ 
face undulateel diu' to the proti’uded germ pores which ai’e 
six to twelve in number and oblong in shape'. Tiiickiu'ss of 
the exine range's freim 2-9 /«. The sculpturing eif the exine 


consists of verruceiid (wai’tlike) e'xcre'scences, which may 
be mono-, di- oi- i)e)lyme)riihic and range' freim 0.5-5.25 /, in 
diameter. Thew nniy be reiuneled oi’ many sided iis \'ie'wed 
freim above and be rounded oi’ irre'gulai’ly truncate' at the 
summit. The excre'scences vai-y in abundance and em tlie 

t'l 1 e file ma\’ be abse nt, f‘e\v, or as dense as 
on the other sjioroderm surfaces. 

Though some siiecies ai’e meire clearly distinct than others, 
it is possible to constI’uct a ke'y baseel on peillen charactei’s 
aleme, by which meist of the spe'cies stuelie'el may be* identifieel. 

1 tile. 1\e.(iiiel in the de'scriiitions which fol- 

e t 1111 e e 1 making three to li\'(' series of iiK'asure'- 

ments of 



specimen. In using the key, oiu' must take 
care to choose' only polar views of fully c'xpandeid, unbroken 


grains. 
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Plate 1285 


I’iji". 1-7 Pollen t^'rains of LiiiKnv. 3 and i X 600, otheis X 

750. 1. L. 2. L. sf ridtutn: 3. L. nsitafis>timinn: 4. L. lewisii; 

5. L. l)ahanirn.'<e vai*. hracii; 6. L }h>rkhmnm var. iioridminm; 7. L. 

rigiduin var. riyidum. 
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L. rigidum L.sulcatum 


L. intercursum 


L. westii 


L. floridanum 


L. medium vor. medium 



L.medium var. texonum 


L. striatum 


L. virginianum 



L. lewisii 


L. usitatissimum 


L.rupestre L cotharticum 

L. arenicola L. bahamense 


GROUP IV 

GROUP III 


GROUP II 

GROUP I 


Fi^. 8. Tlu‘ species of Limnn 
the bnsis of pollen niot*pholo;^y, 
and (Irouj) IV most advanced. 


studied, a!*ran^*ed in 
with Grouj) I bein^' 


four ^rouj)s on 
most j)rimitive 


IVI*.^ TO TIIK SIMOCIKS 


Germ furrows thi’ee. 


Geim furrows pointed at tin* ends (Gj-ouj) 1 ) ( Fi.i;\ 1). 

Excrescences O.To-P, in diannder; intiiu^ broadly roiindtMl at the 


furrows (Fi;^. 4). 
l)iamet(M; of ^*rains 88.5-4').:") fi, 
Uianndm* of ,e*rains 52-78.5 /i. 
Germ fuiT*ows 27 /a wide*, 
(ierm furrows 10.5-21 /x wi(l(‘. 


1. Ij. ntf Jm rf iru.tit 


2 . L. i'HpcsIrc 


P]xcresc(‘nces 0.5-2 /i in diameter, 84-00 pw 10 /z- (Fii;’. 5). 

8. Ij, aroiicifla and 

4. L. lKtli(nnr}iS(> 

Excresc(‘]]ces 1.5-8 /x in dianuder, 28-80 pi*r 10/x- (Fie*. 4). 

5. Ij. li trisH 

hjXC] escenc(‘s ().»)-().( a /x in diani(d(*i ; intitu* suhacut(* at the fui*- 


rows (Fi.e*. 8). 


t). L. //.S'//a//>//.?/>//. 


Germ furrows rounded at the ends (Group II) (Fi^*. 2). 
Exine 2 /x thick; (‘xcriRscencc's 70-72 per 10 /x\ 

7. L. 
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Exine 2.75-3.5 /x thick; cxcrcsccMices 40-53 per 10 m'- 

8. L. vii’jiitiiomun and 


9. L. medium var. iexavum 


Germ pores six to twenty. 


Genn pores six to twelve; surface of ^rain undulated (GioiU) III) 

(Fig. 0). 

Germ pores six. 

Germ pores tapering toward the ends, 14 fi wide; excrescences 

in a central patch on the pore membrane. 

10. L. 'leeslii 

Germ pores subcircular, 21 m in diameter; excrescences uniform¬ 
ly sparse on the |)ore membrane. 

Excrescences with central pits, 40-44 iier 10 

9. L. mediu.m var. medium 

Excrescences without central ]»its, OT-To jier 10 m • 


Germ pores ten to twelve. 


11. L. fioridanum var. 

chryaocarpum. 

11. L. floridanum var. 
fi(>ri(Iuv u m and 

0 

12. L. ivtcreursum. 


Germ pores about twenty; surface of grain not undulated (Gioup 

IV) (Fig. 7). 

Exine 5.25-7.5 y thick. . 

Grains 70-87.5 y in diameter; largest excrescences 3 y in di¬ 


ameter. 


13. L. mdeatum 


Grains 84-112 y in diameter; largest excrescences 

- M A ^ 


5.25 fi in 


diameter. 

E.xine 8.75-9 y thick. 


14. L. riffiihim var. ru/idiati 
14. L. rigiduni var. carteri 


DKSCKIPTIONS OF TIIF SPECIFS 

1. L. catharticum L. Comiiressed triangular, diam 38.5-45.5 /i; col pi 3, 
very long, narrow, pointed, 7-10.5 m wide; exine 3.5-4.75 y thick; ex- 
crescences nionomorphic, diam 1.75 //, many sidvd, sjiaise, a )sent on 

furrow membrane. ^ - 

2 L. En.aelm. Compi'essed, subt rian.u'ular, diam 

colpi 3, pointed, 27 M wide; exine 3 ft thick; excrescences polymorphic, 

diam 0.75-2.5 /g rounded, with central ].its, very siiaivse on furrow 

membrane. _ i • i 

3L arend'ida Small. Oblate triangular, diam .lO-OO..) //; colpi long 

and iiointed, 17.5-21 wide; (>xine 3 y thick; 


diam 


1-2 fi, rounded, with minute ceiitial jiits, very sparse on 


slightlv bulging germinal furrows. 

4. L. hahnmevm’ Northro]>, including var. hracll (Small) Pvogers and 

var. coralliada (Small) Pogers. Oblate triangular, diam :.2.o-(,r,.o fi; 
cohii 3, long and pointed, 10.5-21 /x wide; exdne 2.2o-3 fi thick; excres¬ 
cences rounded, di- or polynioriihic, diam 0.5-1.O /x, Nei> spaise on le 

furrow membrane. 
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5. L, IcKUsii Pursh. 01)late diani (58-73.T) fi; colpi 8, 21 /x 

wide, pointed; exine 8-4.7) /x thick; exci-escences di- or polynio!*})hic, 
diain 1.5-8 /i^ i-ounded or many sided with centi*al i)its, very s])arse on 
fui*row memb]*ane. 

(5. L. io^ifdtisxinnnn L. Moi*(‘ oi* U*ss ol)late tI'ian^ulai*, diam 52.5-59.5 
fji; colpi 8, short, pointed, 7-10.5 /j> wide; exine 8.5-4.25 /x thick; excres¬ 
cences dim()ri)hic, diam 0.5-0.75 /x, absent on furrow membrane. 

7. Ij. striattnn Walt. ()l)late ti‘ian).»:ulai* with hlunt an^’les, diam 42-4!) 
fi; colpi 8, oblong, 14-24.5 /x wide; exine 2 m thick; excrescences mono- 
morphic, diam 1.5 /x, many sided, with centi*al pits, fewer on the fur- 
i*ow membrane. 

8. L. vir(jhti(i)nn)i L. Oblatii trian.^’idai* with blunt an^'les, diam 45.5- 
59.5 /x; colpi 8 (one s|)ecim(‘n with 4), elliptic, 21-28 /x wide; exiiu^ 2.75 
/X thick; exci’esc(*nces monomorphic, diam 1.5 /x, many sided, with cen¬ 
tral pits, sparse on furrow nunnbrane. 

!). Ij. nu’ditmi (Planch.) Hi*it. var. medium. Oblate trian^ulai* but 
tending’ toward sphei'oidal, diam 52.5-70 /x; ))oi-i (5, elliptic, 21 /x wide; 
exiiH' 8-8.75 /x thick; excrescimces monomo]*i)hic, diam 1.5-1.75 /x, many 
sid(‘(l, with central pits, s])ai*S(‘ on poi'e nunnbrane. 

Ij. medium, var. te.ruuum (Planch.) K(‘i*n. Comp!*(\ssed triangular, 
diam 42-5(5 /x; colpi 8, elliptic, 28-‘)2 /x wide; (*xine ‘5.25 /x thick, excres¬ 
cence's monomorphic, diam 1.5-2.5 /e, fe‘W(M* on llu‘ fui’row membi*ane. 

10. Ij. lee.'^tii, Rogers. Spheroidal with undulate^ surface, diam (5»‘5-(5(5.5 
/x; pori (5, oldon.e*, with sli^’htly tapei'in.u* l)ut blunt ends, 14 /x wide; 
exiiu^ 8 /X thick; excrescences monomoi’phic, diam 1 /x, i*ound(‘d, without 
ctmtral pits, arran^’ed on th(‘ furi'ow nuMnbraru* as a central longitudi¬ 
nal |)atch. 

11. Ij. Iloriduuum. (Planch.) Trcd. var. Jluridauum. S])hei’oidal with 
undulates surface, diam 50.5-5!).5 /x; pori about 10, small, i*ound(‘d, diam 
12-14. /x; exine 8.5 /x thick; excr(‘scenc(‘s monomorphic, diam 1.25 /x, 
rounded, without central pits, somewhat f(‘wer on the* bul.a'iim' pore* 
membrane. 

Ij. Ih>rid(tuum vai*. ehrji.^ueurputu Ro^'eo'S. More* oi’ l(‘ss similar, 
somt'times app(‘arin;>;' foiir-sidt'd, diam 52.5-(5.‘5 /x; j)o]-i usually (5, diam 
21 /x; ('xcrescences monomoi*|)hic, diam 1.75 /x, many sid<‘d, som(‘(imi‘S 
with central pits, fewcM’on the ))or(' meonbrani*. 

12. L. iutereursuui P>ickn. Si)h(‘roi(lal with uiululate sui-face, diam 
52.5-00.5 /x; poi-i about 12, rounded, diam 17.5 /x; exine 2.25 /x thiclc; 
exci*(\scences monomoi-phic, diam 1.75 ,xx, many sid(‘d, sonu'what fenver 
on fui’row membrane. 

13. L. milcatuuh Ridd. iricludini^* var. hurpivi (Small) Ro^ei's. Sub- 
S])hei‘oidal, diam 70-87.5 poi*i about 20, circular, diam 10.5-14 /x; 
exine 5.25-7.5 p. thick; c‘xcr(‘sc(mc('s i)olymorphic, diam 1.5-8 /x, cylindri¬ 
cal with rounded summit, nearly as d(‘ns(‘ on the ))Oi*(‘ m(*ml)rane. 

14. L. riffidum Pursh var. ripidum. Subsphco-oidal, diam 84-112 /x; 
X)ori about 20, circuhu’, diam 10.5-12.5 /x; exine 5.25-7 /x thick; exci*es- 
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cences polymorphic, diam 1.5-5.25 ii, cylindrical, round(‘d at the sum¬ 
mit, equally abundant on the pore membrane. _ 

L. riiiuJum var. cnrleri (Small) Rogers. Similar, diam .)1-1()8... m; 

exine 8.75-9 M thick. 

It is generally thought that pollen gi ains with many circu¬ 
lar pori and with excrescences on the pore membrane are 
more sp'^cialized tlian those with few, slendei-, yiointed fur- 

with naked inenihranes. Cn'olated with these acl- 


I’OWS 


vanced traits in Limiiii are 


exine. 


large excrescences and thick 
Certainly additional species should be examined 
before definite conclusions can be drawn, but on the basis 
of those thus far studied, the pollen leatures thought to be 
])rimitive or advanced can be shown as lollows: 


advanced features 
Cerminal iiores about twenty 
Grain spherical 
Pores circular 
Pore membrane with 
excrescences 

Excrescences large 
Exine thick 


FRIMITIVE FEATURES 

Germinal furrows three 
Grain triangular 
Furrows slender, with 
pointed ends 
Furrow membi*ane naked 
Excrescences small 

Exine thin .... 

Upon taking these characteristics into consideration, it is 

possible to segregate the species studied into four groups, 
the members of each group resembling one another in their 

!m])ortant features. These groups aie shown in I ig. 8. 

It is not to be implied that the species studied or the 
groups show'll constitute a single line ol evolution, foi infoi- 
mation from pollen morphology alone is too scanty and data 
from all other sources possible must contribute to our knowd- 
edge. How'ever, the species in Group 1 combine toe giea.test 
array of primitive features, those ol Grou]! IV, tlie hugest 
number of advanced features, w'hile Giroups 11 and III are 

intermediate. 

On the basis of observations on the general morpholog.v 
of the various species, it w'ould ajiiiear that (iioup I is a 
heterogeneous one in wdiich, though evolution has proceeded 
in othm- directions, the pollen has remained rather un¬ 
specialized. Lnn()}i (tycuicA)}(i, L. hohmuftii^c and L. )U'pfi>ttc 

very similar ]iollen. That ot L. and L. 
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nun)) is ratlier different and the relationsliip of tliese species 
to eacli other and to the other species in the group is not 
clarified hei’e. 

Groups II and Ill, from theii'gross morj)hology, would be 
judged to be quite closely I’elated to one anothei*. The pollen 
morphology of the wide I'anging species, L. ntcdiuni var. 
tcxanuni, L. stnatu.ni and L. virfiinidHuni, is veiy similar, as 
is that of L. fion.daniim and L, intercinsuDi. Linnm irctffii, 
L. fiondanuni. vai*. (‘h rysorarpioti, and L. medium var. medi¬ 
um appear to be intei-mediate between members of Groups 
II and III. The j) 1 ‘esent studies indicate that the systematic 
position of the vai’ieties of L. medium needs clai’ification. 

The species of Grouj) IV |)ossess pollen that is sig:nificant- 
ly diffei’ent from that of the othei’ groups and the relation¬ 
ship of members of this gi-oui) b) those of the others needs 
fui’ther study. 


Conclusions from other data (Rogers, that some 

numbei-s of (iroiq) 1 ai*e most pi-imitive and that Groups II 
and III and Gi'oup IV may be natural as.semblages of succes¬ 
sively more highly evolved species is given considerable sup¬ 
port by the results of the study of i^ollen moi'phology. 

Many workers in palynology have found it almost imi)os- 
sible to sei)arate species within a genus and sometimes even 
different genera within a family on the basis of pollen mor¬ 
phology alone. In the species of Linum studied, generally 
speaking’, though the pollen chai’acters within a s|)ecies are 
without much variation, one can distinguish many si)ecies 
rather readily. The large amount of variation, involvir.g 
several chai’acters, especially since it appears to be corre¬ 
lated with differences in gross morphology, may indicate 
that the usual treatment of Lruum- as a singie genus is too 
conservative. The examination of other species, both (31d 
and New Woi’ld, may provide fui’ther information as to the 
in-oper systematic treatment of the genus. In any case there 
is little (piestion but that the use of pollen characters wiil 

constitute a valuable additional tool in the study of the tax¬ 
onomy of the genus. 

WAYNE STATE UNIVERSITY, DETROIT, MICHIGAN. 
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